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TH£  R-2  RPK  3£GUUTbR  A  HD  THE  PHLPEUSK 
by 

0.  V.  &»i*lchkin 


Iho  rpa  regulator.  Jc  situation  of  the  rvm  regulator. 

The  R-2  rpa  regulator  It  intended  for  automatic  control  of  the 
variable  pitch  propeller. 

Construction  of  the  ,.i  regulator 

The  R-2  rpa  regulator  (Fie.  12?)  consists  of  thraa  aluminum  alloy 
cast  bodiaai  tha  lower  1,  center  2  and  upper  3. 

The  lower  oody  1  serve  a  for  installing  the  regulator  on  the  engine 
and  connection  of  same  with  the  drive  and  the  lubrication  system  of  the 
engine. 

In  the  center  body  2  of  the  oil  pucp,  a  peer  oil  pu^>  with  reduc¬ 
tion  valve  is  installed,  The  oil  pruep  feeds  the  oil  under  hirh  pressure 
into  the  propeller  mechanise  and  brings  the  propeller  into  action. 

The  bodies  1  and  2  are  provided  with  channels  for  the  delivery  anu 
drainage  of  the  oil  to  and  fro*  the  oil  puep  of  the  regulator. 

The  channel  in  oody  1,  through  which  oil  is  dalimred  to  tha 
regulator  puj^>,  has  two  inlets  narked  with  letters  A  and  B  {not  Harked 
on  drawings )  engraved  on  the  body  above  thasa  inlets. 

One  of  these  channels  is  plugred  up  with  a  stopper  depending  upon 
the  direction  of  rotation  of  the  regulator,  on  the  M-11FR  engine,  the 
plug  la  the  lower  body  of  the  regulator  is  inserter'  into  the  opening 
Marked  with  letter  B. 
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Firure  12S.  The  ft~2  rpw  regulator  (aectfonal  view) 

1  -  lower  bod/}  2  -  body  of  oil  puaqp;  ?  -  Lody  of 
mruLitor;  1*  -  util  annual  control  ahaft;  b  -  rack; 

6  -  roller*  7  -  Barter  abaft  (driving  shaft) j 
fl  -  weights  of  regulator;  9  -  slide  valve;  1C  -  driven 
rear}  11  -  gear  axis]  12  -  gaakat;  13  -  bell;  11*  -  weight 
axis;  IS  -  spindle)  16  -  bearing)  17  -  slide  valve  spring; 
19  -  lock  nut)  19  -  packing  spring)  20  -  ring)  21  -  pa* ket; 
22  -  bearing  housing)  2 3  -  pin)  2**  -  gastost)  25  -  washer) 
26  -  lock  washer)  27  -  lock  nut  (positions  19*  2G,  21,  22, 
23,  2u,  25,  26,  27  see  Figure  126)}  29  -  spring; 

29  •  reduction  valve;  30  -  valve  guide;  31  -  loc  nut; 

32  -  paeginf  ring;  33  -  bracket;  31  -  plate. 
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The  upper  pert  of  body  2.  of  the  oil  pump,  to  father  vith  body  3 
of  the  rpm  regulator,  for*  a  chamber  which  houses  a  centrifugal 
ferula  tor. 

In  the  upper  part  of  the  cots  mo  r  body  ia  pieced  the  manual  control 
mechaniem,  correlating  of  iMll  aha  ft  1  cosine  A  into  one  with  the  fear 
jhich  is  neaned  with  (engages)  the  toothed  rac,  £,  control  roller  t  and 
packing  . 

Tht>  driving  shaft  7,  oo*inea  into  one  unit  with  the  driven  rear 
of  the  oil  pump,  rctatea  within  the  holies  I  and  3,  The  lower  end  of 
the  driving  shaft  is  coupled  through  elite  with  the  transmission  shaft,, 
and  the  upper  end  is  inserted  in  the  bottom  of  the  weight  bracket  33, 

The  interior  of  shaft  7  is  provided  vith  windows  (ports)  for  the 
peeslng  of  the  oi..  atvl  en  axial  (longitudinal)  precision  machined 
orifice  in  which  the  slide  valve  9  mows  with  very  little  clearance. 

The  driven  gear  10  of  the  oil  puap  rotates  on  a  cast  Iron  axle  11 

pressed  into  body  1,  The  axle  has  port  holes  for  the  flow  of  lubricating 
compounds  toward  the  friction  surface  of  the  gear  and  axle. 

The  bodies  of  the  trana mission  and  oil  pur*>  are  interconnected 
(joined)  by  eeans  of  conical  bolts;  such  a  JointinL  protects  the  bodies 
against  .-i; tual  displacement  and  consequently  also  against'  possible 
J easel n?  of  the  drivir*,  shaft.  Packing  gasket  li  aenrae  ss  pac icing 
between  the  two  bodies. 

The  weight  brae  ice  t  33  has  two  sets  of  lugs  in  the  opening  of  which 

the  axles  ]u*  are  inserted,  on  the  axles  Lu  art  mounted  two  weights  c 

having  the  form  of  doi&l*  arm  levers  which  can  roll  on  their  axes. 
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The  thin-walled  bell  i3  is  rolled  on  and  veined  to  tte  cylindrical 
outer  surface  of  the  bracket.  The  ball  itr.vi  to  prevent  contact  betMen 
the  upper  tip*  of  tha  weight*  and  tha  body  of  the  regulator.  In  addition, 
the  oil  in  tha  hall  rotates  together  with  tha  Might*  yet  does  not  exert 
any  lateral  pro* aura  upon  thaw. 

On  the  upper  tip  of  the  elide  valve,  ball  bearing  16  is  mounted, 
under  the  race  of  which  are  located  the  lower  ends  of  the  centrifugal 
weii^ito  (flyweirfite)  and  on  top  plata  3a  is  located ;  tha  latter  is  pressed 
l own  (held  down)  by  conical  spring  17,  the  upper  end  of  which  ia  propped 
against  the  toothed  rack  £. 

In  this  My,  by  railing  or  loMring  rack  $  by  wane  of  roller  6 
mounted  on  shaft  ut  it  ia  possible  to  change  tha  tension  of  spring  17. 

The  body  of  the  regulator  is  fastened  to  body  2  of  the  oil  pu*f>  by 
means  of  four  pins  23  (see  Figure  126),  Dm  junction  of  the  bodies  is 
sealed  with  washer  2U. 

In  order  to  maintain  constant  pressure  of  the  oil  delivered  by  the 
oil  puspj  *  reduction  valve  is  placed  in  body  2  (see  Figure  125).  The 
valve  consists  of  guide  }0  screwed  into  body  2  of  oJl  valve  29, 

valve  sprint  2t>,  valve  nut  31  and  packing  Maher  (ring)  32. 

During  the  operation  of  the  regulator,  the  oil  pxeeeee  against  the 
face  of  valve  29  and,  having  overcome  the  elaeticity  of  sprine  26, 
displaces  the  valve  to  the  right  along  th»  axis  and  opens  the  orifice 
of  the  driven  gear  axis  of  the  oil  pump;  through  this  orifice  the  oil 
flows  into  the  intake  channel  of  the  regulator. 
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V-TS-9293 


Figure  12 1.  Components  of  the  fl-2  rpm  regulator. 


1  -  lower  body;  2  -  body  of  oil  pump;  3  -  regulator 
body;  it  -  manual  control  shaft;  5  -  rack;  6  -  roller; 

7  -  driving  shaft;  6  -  regulator  weights;  9  -  aline 
valve;  10  -  driven  gear;  11  -  gear  axis;  12  -  mater; 

13  -  bell;  11  -  wei^it  axis;  16  -  ahaft;  16  -  tearing; 
17  -  alldi-  valve  spring }  16  -  nut;  19  -  packing  spring ; 
20  -  ring;  21  -  washer;  22  -  bearing  housing';  23  -  pin: 
2i*  -  washer;  25  -  washer;  26  -  loc^  washer;  27  -  nut; 

26  -  spring;  29  -  reduction  valve;  30  -  valve  guide; 

31  -  nut;  32  -  packing  ring. 


The  coiqxanents  of  the  regulator  and  their  nutuai  arrii.  -e.-nert  ar^ 
shown  in  Kirure  1?6. 

Hudo  of  operation  of  the  regulator 
The  H-11KK  engine  is  provided  with  the  V-!: 01-1)81  automatic  direct 
action  propeller.  The  blades  on  this  propeller  are  changea  into  low 
pitch  by  tiie  prescure  of  the  oil  coning  from  the  rpm  regulator,  and 
into  high  pitch  -  by  the  centrifugal  forces  of  the  propeller  blades. 

v*  will  now  discuss  the  operation  of  the  regulator  during  the 
perforaanoe  of  the  V-501-D61  propeller. 

During  the  rotation  of  the  driving  shaft  with  a  raufcer  of  revolu¬ 
tions  equal  to  tho  specified  ones,  weights  7  and  spring  6  arc  in  equili¬ 
brium,  then  valve  fc  assumes  a  center  position  (Figure  127a)  covorin* 
(with  the  lower  bead  oi  the  slide  valve)  the  opening  of  channel  1. 

With  the  slide  valve  in  this  position,  the  oil  in  the  propeller 
cylinder  appears  to  be  locked  in  and  the  angle  of  propeller  blade 
setting  remain*  unchanged.  In  the  propeller  cylinder  such  an  oil 
pressure  is  created  which  Is  necessary  for  the  equilibration  of  the 
torsional  force  produced  by  the  inertia  forces  of  the  counter-weights 
of  the  blades. 

If  for  any  given  reason  the  number  of  revolutions  of  the  engine 
and  consequently  of  the  regulator  shaft  decreases,  the  inertia  forces 
developed  by  the  weights  be  com  s  waller  thin  the  pressure  forces  of 
the  spring  5,  and  slide  valve  6  under  t'ie  effect  of  the  excess 
elasticity  force  of  the  spring  8  will  drop  down  and  connect  the  recess 
of  the  propeller  cylinder  over  channel  1  with  channel  5  of  tt*»  oil 
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rupply  frim  the  regulator  oil  purp  (Figure  127b).  fhe  oil  will  flow 
towarc  find  press  against  the  piston  ci  the  propeller  iwchanisn,  Th* 
piston  will  slide  and  through  a  transmission  will  turn  the  projvller 
blades  au  a  snaller  angle  and  the  number  of  revolutions  will  start 
increasing. 

This  will  be  followed  by  a  ainultaneous  increase  in  thr  nurib*’  r 
of  revolution*  of  the  regulator  shaft,  the  centrifugal  forces  of  the 
weights  will  overcome  the  tension  of  spring  e  and  will  lift  the 
valve  to  such  an  extern,  that  it  will  aasune  a  neutral  position  (sue 
figure  127a). 

During  an  increase  in  rpm  of  the  engine  and  consequently  of  the 
regulator  shaft  also,  the  emerging  excess  inertia  force  of  the  regulator 
weights  overcomes  the  elastic  force  of  the  (spring  anl  raises  the  slide 
valve  upward*  freeing  the  exit  of  the  oil  through  channel  1  from  the 
propeller  cylinder  into  the  recess  of  tlm  engine  crankcase  (Figur-j  i.7b). 
The  oil  delivered  by  the  regulator  purj>  passes  completely  through  the 
reduction  valve  into  the  main  line  for  intake. 

The  propeller  blades  subjected  to  the  effect  of  inertia  forces  of 
the  propeller  counter  balance  mass  will  begin  rotating  relative  to  their 
axis  toward  an  Increase  in  the  angle  of  setting  and  the  rpn's  of  the 
propeller  will  decrease.  The  elasticity  force  cf  the  spring  wiU  over¬ 
come  the  inertia  forces  of  ths  weights  and  the  slide  valve  will  urop  down 
until  It  covers  orifice  1.  In  this  case  tho  rpm  will  be  restored  back  to 
o«*igii*l. 
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Firms  i27.  Principal  dlagrar,  of  rpn  regulator  opw ration, 

a  -  equilibrium  position  (top);  oil  from  tha  main  line  or 
the  engine  (bottom) . 

b  -  change  Into  loir  pitch;  increase  in  oil  pressure  to 
lli  kg/c*2;  oil  to  tha  propeller  cylinder;  oil  from 
tha  min  lim  of  tha  engine, 
c  -  change  into  high  pitch;  drainage  of  oil  into  engine 
crankshaft;  oil  fro*  tha  min  line  of  the  engine. 

1  -  channel  for  oil  delivery  to  propeller;  2  -  oil  purp 
gear;  3  -  reduction  valve;  li  -  channel  for  delivery  of 
oil  to  regulator;  5  -  oil  delivery  channel;  0  -  slide  valve; 

7  -  regulator  weights;  8  -  slide  valve  spring;  7  -  lever; 

10  -  rack;  11  -  hand  control  shaft  gear. 

In  this  way,  at  a  normal  performance  of  the  engine,  the  rpn's 
set  by  the  pilot  will  nmin  conatant. 

The  number  of  revolutions  at  which  equilibrium  approaches  between 
spring  £  *rvi  regulator  weight j  7  depends  upon  the  tension  of  the  spring. 
In  order  to  change  the  tension  of  spring  t  and  consequently  also  the  rpm 
of  the  engine  during  flight,  the  installation  is  also  provided  with  hand 
control. 
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3y  turninr  the  hand  control  wheel  in  the  cockpit  clockwise,  roller  6 
(se«-  Fifin'?  1<?5)  will  also  turn  Clockwise.  Gear  11  (see  Firure  1?7) 
lowers  rack  1U  and  contracts  tprinf  8  ana  the  rpm  of  the  online  Increases 
ami  vico  versa  whan  the  control  wheel  is  turned  counWr-clockvns-  ,  tho 
rpn  increases. 

The  Propeller 

Desicnation  and  advantages  of  automatic  propellers 
Tlv>  basic  function  of  an  aircraft  propeller  is  the  co. .version  of 
the  torsional  force  on  tia.  engine  shaft  into  propelling  force  impart inr 
(rivinf )  to  the  aircraft  a  forward  movement  with  a  certain  speed,  'urinr 
the  rotation  the  propeller  traps  air  and  drives  it  back  to  tne  rear  tnvs 
producinr  a  reaction  force  -  propulsive  force,  which  pulls  the  aircraft 
forward. 

The  advai.tapes  of  variable  pitch  propellers  (pitch  of  blades  chanted 
in  flifht)  are  th*t  they  allow  total  utilisation  of  enrine  power  during 
all  operations,  which  was  absolutely  ii^ossibl*  in  the  case  of  an  enrine 
with  fixed  pitch  propellers. 

.18  is  known,  the  power  required  by  the  propeller  and  develop*]  by 
the  enrine  varies  with  the  chanr"  in  JTpm  accordinr  to  different  laws. 

Tho  power  developed  by  the  enrine  changes  approximately  proportionally 
to  the  chanp:  in  rpn;  but  the  power  required  by  the  propeller  chanres 
in  proportion  to  the  cut**  of  the  rpr. 

The  flying  speed  (airspeed)  has  only  a  slirht.  effect,  but  the 
power  required  by  the  propeller  chanr*®  considerably  with  the  chanpe 
in  airspeed.  If  the  -irspeec  ig  increased  at  a  chanp^i  rpm  then  ir  a 


.--TL-ojo;- 


9 


result,  th  re  Is  an  increase  In  the  spe<*  I  of  air  approach!^  the  blade, 
the  anrle  of  atUck  drops  sharply,  i.**.  thr  propeller  beco-rej  ''light'1 
for  the  given  «ngine  powir.  In  this  case,  in  order  to  avoid  the 
distortion  of  engine  revolution*  It  is  necessary  either  to  throttle 
the  engine  or  to  increase  the  pitch  in  flirht,  i.e,  to  weight  down 
(imke  heavy)  the  propeller,  which  is  impossible  in  the  ease  of  a  fixed 
pitch  propeller. 


r'icure  lf6.  Take-off  and  climb  diagram 
for  an  aircraft  with  fixed  pitch  and 
variable  pitch  prooe liars. 

1  -  altitude;  2  -  with  variable  pitch 
propeller;  j  -  with  dual  pitch  propeller; 

'*  -  with  fixed  pitch  propeller;  *1  -  take¬ 
off  time. 

The  potwr  required  for  the  propeller  and  the  power  developed  by 
the*  angina  vary  with  altitude  also  according  t<  different  laws.  The 
power  required  for  the  propeller  changes  with  altitude  in  direct  pro¬ 
portion  to  air  density.  Consequently,  as  the  aircraft  elite  in 
altitude,  the  power  required  for  tha  propeller,  ether  conditions 
being  equal,  drops.  But  ths  poiar  of  the  engine  deepens  s  somewhat 
faster  than  the  power  absorbed  by  the  propeller, 
g-ri-pyyj  ic 


Jonaequantly,  •>«ch  flifht  condition  of  the  aircraft  requires  its 
own  propeller  selects  fbr  the  fiY‘'n  concrete  conditions.  The  propeller 
which  would  satisfy  such  conditions  Is  the  automatic  propeller. 

The  automatic  propeller  allows  one  to  taka  from  tit  enrine  Ml 
power  at  ground  level  *nd  at  altitude,  during  climb  and  Juriiv  horizontal 
fLifht,  This  if  why  an  aircraft  with  such  a  propeller  has  a  snallrr 
take-off  run  at  take-off,  greater  rate  of  climb,  neater  horizontal 
(cruiainL)  speeds  at  all  altitudes,  axe opt  rated,  and  much  higher  calling 
as  compared  with  the  vary  same  aircraft  which  does  not  have  a  variable 
pitch  propeller. 

Fieure  Ifd  shows  a  take-off  and  cliefe  Jiafra*i  for  aircraft  with 
variable  pitch  and  fixed  pitch  propellers.  It  ia*  evident  from  this 
diacnui  that  the  take-off  and  clirib  of  an  aircraft  with  variable  pitch 
propeller  are  realised  much  faster. 

Basic  dato  about  the  propeller  and  its  mode  of  operation 

As  already  oentiomd  the  MMLlFR  enrine  is  equipped  with  a  V-501-D^i 
propeller  (Finn**  1?9).  The  propeller  Is  two-vlai .dl,  traction  type, 
dextrorotatory,  with  automatic  control  by  means  of  R-2  control  unit 
(regulator). 

Finally,  the  weifht  of  ths  counterbalance  disks  is  determined 
jftar  the  first  flirhta  cf  the  aircraft  with  newly  mounted  propeller. 

The  propeller  consists  of  the  follovinr  baeic  units  and  parts: 
metal  hub,  two  wooden  blades,  made  of  pine  wocj,  covered  with  linen  and 
celluloid,  and  parts  for  the  attachment  of  the  propeller  to  the  engine. 
'3we  blades  have  metal  tippirvfa  (Firure  13C}, 
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Figure  129.  General  Tiiev  of  V-501-Ubl  propeller 


Diameter, . . . 

.jaxiraum  bind*  width..... . . 

Alight  of  propeller, . . . 

Control  data,  of  pro  pa  liar; 

Minimr.  letting  angle  at  radius  of  ?00  ran. 
Maxima  aatting  angle  at  radius  of  700  m. 
Angls  of  counterbalance  setting! 
of  onu  olade... ................. .......... 

of  second  blade . . . . . . 

rum  brac/rat. . . . . . 

weight  of  countarbalanco  diace.. . 


2.3  rasters 
1?0  ran 
30  -v 

19° 

29° 


lt>c 

10° 

310  grans 


The  performance  of  the  propeller  is  baaed  on  the  hydrocentrifugal 
principle  and  ia  realised  through  direct  connection,  i.e.  the  propeller 
blades  are  aet  on  snail  pitch  by  the  pressure  of  the  oil  against  the 
piston  of  the  propeller  aechanisn;  greater  blade  pitch  ia  wt  by  the 
effect  of  the  centrifugal  force  nonente  of  the  counterbalance  mas 
of  tha  operating  propeller. 


figure  130.  Sectional  tiew  of  propeller  blade. 

1  -  dipping}  2  -  not  lower  than  0,8;  3  -  celluloiJ 
coreringj  It  -  linen;  5  -  pine. 
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iigure  13QL*  Diagram  of  the  action  of  forcer 
durinr  tha  perforna nee  of  the  propeller. 

N  -  centrifugal  force  of  thi  blade; 

Q  -  centrifugal  force  of  the  ?cu7.berb«lance; 

T  -  tangential  oomponent  of  the  centrifugal 
force  of  the  counterbalance; 

f  -  testing  component*  of  the  centrifugal 
force  of  the  blade*; 

P  -  thrust  of  the  propeller  and  its  distribution 
along  the  blades. 

Figure  131  presents  a  diagram  of  the  action  of  forces  during  the 
operation  of  the  propeller.  lach  profiler  blade  is  affected  by  the 
force  of  aarodynamlc  air  resistance  (urar),  forming  a  traction  force  P, 
and  centrifugal  force  of  the  blade  nus  N.  Due  to  the  fact  that  the  mass 
of  the  blade  is  situated  asymmetrically  relative  to  the  symmetry  fuds  of 
the  blsd”,  it  forms  an  additional  sonant  of  a  lateral  centrifugal  force 
cos^ponent  of  the  blade  C  which  affects  the  blade  with  a  tendency  of 


?-TL-?Z?3 


13 


reduoing  the  pitch.  The  blade  counterbalances  Jurinr  the  operation 
of  the  propeller  are  affected  by  the  eentriibfal  force  tho  component 
of  that  force  (tangential  colons  nt)  T  produces  a  turnin,  mo-ent  of  the 
blade  with  a  tendency  for  indenting  the  pitch. 

By  increasing  the  rpe  of  the  propeller  to  a  certain  value,  the 
•lido  valve  of  t>m  rpn  regulator  rale**  and  ope  nr  th»  rA  t  for  the  oil 
from  the  propeller  me  chan  lam  ]  the  propeller  blaoi  expose}  to  the  ►-fleet 
of  the  awnt  of  the  centrifugal  ooifttnent  force,  jevelopeil  by  th*; 
counterbalance  of  the  blade,  turn*  toward  the  side  of  pitch  increase, 
thua  forcing  out  the  oil  from  the  propeller  nechanisn. 

When  the  rp«n  of  the  propeller  are  reduced  to  a  certain  value,  tty- 
slide  valve  of  the  rpn  regulator  drop*  and  opens  the  access  of  tho  oil 
into  the  propeller  mechanism  and  the  blades  will  turn  toward  the  ride 
of  reducing  the  propeller  pitch}  this  very  side  is  affected  aleo  by  the 
centrifugal  force  moment  C  of  the  blade, 

hunting  of  V-$OI-Dfll  Propeller  on  the  tt-ilFK  endue 

The  propeller  can  be  delivered  from  the  vsrshouse  in  sssenfcleu 
form  or  with  blades  not  aet  In. 

Upon  reception  of  an  aemeahled  propeller,  it  is  necessary  to  m*<e 
a  thorough  inspection  of  same  and  to  make  certain  that  the  propeller 
has  no  defects  possibly  originating  during  storage  or  transportation. 

The  blades  should  have  no  mschanioal  defects,  all  nuts  must  have 
safety  locks.  After  inspect  ion,  the  propeller  and  all  its  corponentr 
should  be  thoroughly  wiped  off  conservation  greases,  if  the  propeller 
shaft  tip  is  preserved,  it  is  neoeaeary  tc  remove  from  it  the  conservation 
grease,  wipe  it  dry  and  apply  a  thin  layer  of  vaseline  to  It, 

lb 
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Impact  and  exaalne  the  aliti  and  threading  of  th»  prop* liar  nose; 
they  nuat  Cm  free  of  nicks  and  dents.  Chec*  what ha r  the  fastening  nut 
screws  on  the  prop* liar  thread  easily. 

Upon  reoeiring  propel la r  with  unscrewed  (unaaeenbled )  bladea,  It 
la  necessary i  1)  to  check  according  to  the  logbook  whether  th.  blade 
aerial  nuters  oorraepond  with  the  outers  of  the  hvfc j  inspect  thoroughly 
and  lubricate  the  thread  of  coalings  and  blade  adapters)  the  large 
disaster  flaiyee  on  the  adapters  r.'ed  not  be  lubricated  -  they  should 
renal n  perfectly  dry) 

2 )  -  to  looeen  the  collar  nut  and  eat  the  blade  a  Into  the  shank* 

(the  blades  should  be  1  near  tad  into  the  than*  of  the  hub  according  to 
nuatere  engraved  on  the  hub  and  the  butt  end  of  the  blade)  bladea  can 
be  screwed  into  the  hob  prior  to  ao unting  the  propeller  on  the  tip  of 
the  engine  shaft  and  also  after  the  propeller  is  Mounted  on  the  engine; 
the  blades  should  be  screwed  In  up  to  the  point  of  resistance,  blade 
tL  ad  -  right),  then  loosen  bladea  soMsitet  and  aet  pointer  over  the 
uro  graduation  lira j 

))  -  according  to  eradiation  line,  to  set  counterbalance  collar, 
fasten  tightly  to  the  edge  of  the  adapter,  and  tighten  the  coaling 
bolt  (tightening  nonent  of  bolt  should  be  6  *  10  legs);  secured  after 
tightening) 

L)  -  after  final  Mounting  and  tightening  ef  blade,  to  exaidta 
again  whether  the  position  of  ths  graduation  line  is  correct  and 
whether  the  oollar  is  skewing) 

5)  -  to  set  counterbalance  washers;  the  nuuter  of  washers  should 
correspond  to  the  weight  indicated  in  the  logbook.  After  the  propeller 
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has  b")9n  assailed  la  such  a  manner,  the  latter  la  install-*:  on  the 
aircraft,  for  which  It  la  necessary  first i 

a)  to  wipe  thoroughly,  lubricate  with  oil  and  sot  on  the  tip 
of  the  shaft  with  the  rear  coot  for  Its  support  into  the  fastening  nut 
of  tho  engine  shaft  bearing] 

b)  to  unscrew  the  blind  flange  (stuffier)  of  oil  system  from 
engine  shaft  tip; 

c)  set  propeller  on  shaft  tip  \g>  to  the  piint  whors  It  engages 
its  rear  oona  by  first  determining  the  position  of  t»~  wide  slot.  Vften 
placing  propeller  on  shaft  tip,  care  should  be  exercised  not  to  harm 
the  threading  of  the  engine  shaft] 

d)  to  wipe,  lubricate  and  place  both  halves  of  the  forward 
cone  (ele-*v»-)  on  t!>*  b«&d  of  the  tightening  nut  and  screw  it  by  hand 
on  the  thread  of  the  shift)  finally,  tighten  up  the  nut  with  a  special 
wrench  by  mans  of  a  tap  wrench  with  a  force  of  30  -  UO  '<g  on  a  1  m  arm 
(when  tightening  the  nuts,  the  propeller  blades  should  be  held  by  hands 
and  at  no  tita  should  a  step  ladder  or  jack  be  plaoed  wader  the  blade); 

p)  in  fisc*  of  the  blind  flange  of  the  oil  system,  to  screw 
spinner  into  shaft  tip  by  first  plajitg  a  packing  washer  usd*r  It; 

f)  to  insert  the  spring  type  ring-lifter  into  hub,  place 

lock  spider  over  octahedron  of  nut  in  such  a  manner  that  its  teeth  will 
fit  into  the  grooves  of  tbs  boas;  at  mi  sell  grew  nt  of  teeth,  tighten  nut. 
It  is  forbidden  to  unscrew  the  nut  for  the  purpose  of  aligning  the  teeth 
of  the  lock  spider; 

g)  to  insert  locking  spring  ring  into  boss  grooves,  inaprt 


K-TS-9293 


16 


spinner  locking  into  the  spring  ring  of  the  locking} 
h)  to  aount  propeller  spinner; 

1)  to  turn  the  propeller  mounted  on  the  engirn  by  hand  end 
check  the  flapping  (plsy)  of  the  blades;  the  blades  should  be  aet  at 
a  a aall  pitch;  the  penduible  flapping  camot  be  more  than  3  mm  when 
measuring  over  the  control  section  over  a  radius  of  700  mm  (Figure  13*0. 


of  testing  propeller  knock 

JeetiM  of  wweller  operation  so  the  around 
The  tooting  of  propeller  operation  on  the  ground  consists  In 
checking  tho  rpn  of  the  propeller  at  full  throttle;  at  full  throttle , 
the  propeller  should  develop  1050  i  30  rpn, 

A  change  la  the  rp*  is  attained  by  chancing  the  detachable  Height 

of  the  counteTba leases,  reducing  the  Height  of  the  detachable  weight, 

« 

m  increase  the  rpw;  the  rpei  decreases  by  increasing  the  wight  of  the 
detachable  wight. 
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A  chine*  in  the  wight  of  the  detachable  wii  hts  is  acccaplisheu 
by  removing  or  adding  unifone-witcht  was  he  re  to  both  counterbalances. 

HLniiata  and  asxlmia  blade  angles  can  be  oon trolled  by  bolt*  which 
appear  to  be  great  and  ■■ill  pitch  detainers.  «hen  controlling  the  rpn 
with  the  snail  pitch  detainer,  it  is  necessary  first  to  check  the  rpn  at 
snail  pitch  with  completely  removed  counterbalance  washers.  After  the 
check,  the  washers  should  be  replaced  (cheek  whether  they  correspond 
with  the  logbook  date)  and  check  operation  of  propeller;  vton  making 
the  check,  eoapare  the  rpn  with  the  nuaber  of  revolutions  observed 
during  the  testing  of  the  propeller  without  the  washers.  If  the  rpm 
has  decreased,  it  is  necessary,  by  n  no  ring  the  washer?  one  at  a  tiir, 
to  attain  such  a  oondition  that  the  blades  should  be  set  on  the  snail 
pitch  detainer  and  the  rpn  should  be  restored. 

Remarks  ■  the  small  pitch  detainer  control  bolt  is  in  the  rear  side 
of  thr j  hub  housing  and  is  marked  by  letter  >»  in  contrast  to  the  large 
pitch  uetainer  bolt  which  is  narked  with  letter  B,  and  which  should  not 
be  used  in  this  case. 

The  email  pitch  detainer  bolt  has  s  right  hand  thread  with  pitch 
of  1  m.  During  the  screwing  in  of  the  bolt  in  clockwise  direction, 
the  setting  angle  of  the  blade  increases  and  decreases  When  bolt  is 
unscrewed.  One  single  revolution  corresponds  to  s  1°  change  In  angle. 

It  it  reconaended  that  ona  turn  the  bolt  by  not  no  re  than  two  turns. 

If  after  two  turns  of  the  sail  pitch  detain r  belt,  the  re‘-ui*«d  rpn 
of  the  propeller  has  not  been  adjusted  (set  in),  it  is  then  necessary 
to  change  the  angle  of  blade  setting  in  the  connectin'-  sleeves.  Aft  r 


the  bolt  haa  boon  turned,  It  ahould  bo  reliably  faateiwd  (locked) 

and  sealed. 

Testing  gogoUgr  operation  In  the  air 
The  to  at  Inc  of  the  p.-opsl  lor  operation  in  flight  coneiati  in  tt» 
measuring  of  the  rpn  at  rarioue  operational  condition*  of  tt»  englrw. 

Tho  Y-5C1-D81  on  the  lak-li  develops  the  following  revolutions : 

During  take-off . . . ...i^uc  *  y.  rpw; 

during  clinb  at  ground  level  with 

open  throttle,.*.,... . 1600  1  50  rp«; 

During  aerobatic*,. ................. ,19CX  t  60  rpn) 

During  diving.. . . . 190C  t  IOC  rpn. 

\hen  the  rpn  deviates  above  the  permissible  limit,  It  is  meMnn"' ! 
that  the  counterha ■ anoe  weight  be  chanced  by  following  the  rulee  describe, 
below. 

If  the  propeller  develops  •  higher  rpn,  it  ie  neceeeary  to  Increase 
tho  counterbalance  weight.  If  the  propeller  shove  a  lover  rpn,  it  ic 
then  necessary  to  reduce  th>‘  counterbalance  weight. 

In  order  to  exchange  the  counterbalance  weights ,  it  ia  necessary 
to  looa-in  the  loc*  nut  of  the  co<  nterbalance  bolt  and  to  insert  or 
rcrt)Y5  washers  without  rerevinp  the  bolt.  It  is  recoamnded  that  one 
insert  or  restore  washers  with  a  total  veirht  of  not  mor*  than  hO  g, 

(each  washer  ahould  be  narked  with  ronbe rs  10,  IC  and  40  con-*  spoking 
tc  ios  weitfit),  /Vfter  the  counterbalance  weights  have  been  changed, 
the  lock  nut  should  be  tightly  closed  nn  the  bolt  and  aecured. 

*11  work  done  after  the  adjustment  of  the  propeller  and  chant e 
of  counterbalance  weights  ahould  b-  received  in  the  aircraft  logbook, 
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It  should  L>>»  <®;jt  in  minu  that  c.  r».  in  "mint*  powor  dwlnt 

tin  climb  C/f  tha  .ilreraft  brines  abort  a  ru  iuctli  :  In  the  toroicn.il 
of  th”  blades  but  tho  [noment  pro  need  the  count.Tbala!icoc 
r-’j.iins  practically  the  case  beeauaa  it  !apcr>!r  net  i  tho  flight 
altitude  '•>  t  upon  tho  rpn  of  J  encine.  Thus  ther-i  io  a  tifhtonlrw 
of  the  propeller  and  the  rp«  decroaaor.  This  is  a  normal  occurence. 

Teat  (txMJt)  Problems 

1,  What  la  the  designation  of  the  R-2  rp«  regulator? 

2.  What  are  tho  basic  components  and  unite  of  the  r-.-ula'  -7 

\  .xplain  the  operation  of  tha  refulator  with  a  variable  pitch 
prr poller} 

u.  Trplain  th?  feet  a  of  nanual  control  of  the  repulator} 

5,  What  kind  of  propeller  ie  installed  on  the  U-llFh  anrfnB? 

6.  Whet  are  the  advantage  of  an  automatic  profiler? 

7*  How  do  forces  act  durlne  the  operation  of  tha  propeller? 

8.  «hat  la  the  order  of  mo 'in  t  inf  tho  propeller  on  tha  anrine? 

9 .  What  la  the  penri-aalble  pro  pa  liar  knock  and  how  lr  H  Urte  ? 

10,  How  lr  tha  oparatlon  of  tha  propallar  taatad  on  the  rro.nl? 

11.  How  is  the  operation  of  tha  rropellar  tested  In  tho  air? 


:c 


F-T£-?2?; 


CHABJCTSHI8TXC6  Of  JNQDE  uKIUTION  Bi  THE  r.lMTSK  TIriE 

The  op*  ration  of  an  engi»  In  the  win  tar  tint  requires  from  tha 
Talntananc#  personnel  greater  attention  than  la  needed  in  the  av.ix»:r, 
because  the  operation  beooaaa  corplicated  a  a  a  result  cf  lower  atmos¬ 
pheric  temperature,  A  lac  complicated  is  tha  preparation  cf  the  engine 
for  starting,  starting-  and  warming  up  of  engine,  an?  stopping  of  engine. 

In  order  not  to  permit  axoaaa  cooling  of  the  engine  ani  the  oil 
in  the  lubrication  system  In  tha  winter,  so mo  engine  parte  and  the 
aircraft  lubrication  system  are  insula  tad,  This  allows  a  retention,  of 
the  tenqperature  of  the  oil  during  the  operation  of  the  engine  and  during 
the  raadyinr  of  sam  for  starting  under  normal  limits. 

Also  insulated  are  the  intake  noatlss  of  cylinders  oxt^nJing  fren 
the  air-fuel  rdxtur-  collector  to  the  Intake  chambers  of  the  engine 
cylinder!  for  which  purpose  they  are  covered  with  asbestos  tape  L  -  $  rr 
In  diawter  forming  one  layer  coated  with  liquid  flass,  This  measure 
e lird.ua toe  the  possibility  for  tmrcooling  the  operational  mixture, 
condensation  of  moisture  on  the  walls  of  the  pipe j  (vapor  lock)  and 
freezing. 

In  order  to  reduce  the  cooling  of  engine  cylinders  during  night, 
the  ports  in  the  forward  disk  cf  the  cowling  are  covered  with  shutters. 
Thn  air  preheater  is  teeter  ano  adjusted.  All  »nrine  control  levers 
arr  tesVd  Tor  ease  and  snoothnaaa  of  operation,  and  are  lubricated 
with  NX-3C  grease. 

The  summer  electrolyte  in  the  batteries  is  replaced  by  winter 
.’loctrolyte  and  an  inflation  cover  is  plao*d  over  the  battery  container* 
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WarajLi^  u^  of  engine  during  starting 
In  Ua»  winter  tij»,  -be  oil  poured  into  the  tan  -  and  in  all  Itnklnc 
parts  of  thi  engine  be  cone*  solidified  thus  making  the  turnir  of  tne 
•;ncif»  crankshaft  very  difficult  durine  starting,  (froetim  tenperature 
of  oils  us  ad  in  tho  lubrication  of  aircraft  engines  varies  between 
15  -  20D).  That  is  the  reason  why  oil  must  be  heated  prior  to  starting 
of  oneitK  in  tho  winter  tim.  In  order  to  wars  up  the  oil  in  the 
link  ■  >  >L  of  engine  parts ,  it  is  nec-saary  to  warm  up  the  entire  engine. 

,.t  an  atmospheric  tespemture  of  -5C  aul  lower,  the  V11FP.  enpirm 
must  bo  uornvxl  up  by  an  outside  source  of  heat  to  a  cranashaft  to«^era- 
tur«  of  20  -  ?0°C  (the  terporature  is  controlled  by  the  oil  tempo  re  tire 
s’wjvm  on  a  three- winter  indicator)  and  up  to  a  te^erature  of  the 
cylinder  heads  ranging  between  3C  and  UC°C  (by  the  the  rut)  co  up  le ).  ..hen 
beinr  warned  up,  the  power  unit  should  tx-  thoroughly  revered  with  a 
winter  cover  Ulguro  1U3).  Tho  -aim  air  from  the  preheaters  is  sip  plied 
to  the  engine  through  metal  pipes  through  the  forward  blow-off  ports 
of  ths  Lower  cowling  caps  of  cylinders  !k>,  5  and  L.  The  winter  cover 
for  these  ports  has  special  cut-outs  trinred  with  asbestos  and  sheet 
metal.  The  cover  openings  should  have  valves* 

ni  flexible  hoses,  rubber  parts  and  conduits  should  be  well 
protected  against  tbs  stream  of  hot  air  during  the  preheating, 

8^rtin^and_jg2£ALilfi-£i  JS fiifil 

At  a  0°  outside  teller  ature,  ths  mixing  chamber  during  the  startin  * 
of  tho  engine  should  be  filled  with  2  -  4  squirtc  of  [-Moline  non  than 
in  the  sumaar,  othervlae  the  mixture  will  be  lean  and  the  engine  vdll 
not  turn  over  (start). 


After  starting ,  ths  engine  should  run  on  low  ps*  for  a  parloct  of 
$  -  6  miraitos  and  than  b*  warned  at  %n  rpti  of  1200  -  liiOO.  Special 
attention  should  ba  paid  to  the  increase  in  oil  pressure.  If  tha  oil 
proa  aura  doaa  not  ria*  to  3  kg/cK*-  within  20  W  30  second*,  tha  angina 
should  ba  shut>«ff  lmdiatsly  and  tha  cauaa  for  insufficient  oil 
prasaun  should  ba  ascertained.  If  tor  elimination  of  tha  defect,  tha 
angina  starting  Is  rapaatad, 

1 

* 

4 

Fipuawa  li^r  Wradns  up  of  entwine  froa  outside  feed  sources. 

At  a  tenjarature  below  15°C,  tha  enrlne  should  ba  waraad  up  at 
lOOQ  -  1200  rpw.  During  tha  opamtion  cf  tha  angina,  tha  tenperattw 
of  ths  working  Mixture  should  ba  not  lowar  than  2C°C.  When  tha  tempera- 
tuara  of  the  working  adxturc  drops  below  20°C  than,  for  tha  purpose  of 
obtaining  aatlafactory  parfbrmance  of  tha  angina  and  its  pickup,  It  is 
necessary  to  hook  up  the  sir  probe  ate  r  ay  a  saooth  shift  of  the  prehaater 
Is  war. 

As  tha  cylinder  haad  tem»rature  goes  to  90  -  100°C,  tha  angina 
rpsr.  can  ba  raised  aaoothly  within  3  -  i  minute  intervals. 

Characteristics  of  angina  stone Inc 

Prior  to  abutting  down  the  engine,  tha  propeller  shoull  be  set  at 
greater  pitch  with  ths  aid  of  ths  rpn  regulator  control  lever  and  should 


be  run  for  1C  -  15  seconds  at  UtOC  rpn*  This  if  necessary  for  the 
purpose  of  reiwving  the  oil  fro*  the  propeller  mechanism  cylinder. 

ImdleteXy  after  the  engine  1#  «hut-off ,  it  should  be  covered  with 
a  winter  cover. 

Ift  after  the  engine  baa  been  abut  off,  it  beoonea  necessary  to 
drain  th*  oil  from  it,  the  cowling  should  be  removed  rapidly,  the  oil 
system  it  jfticated  while  oil  la  hot,  and  then  drain  the  oil  from  the 
engine.  .'3C-22  and  >£-20  oils  should  be  drained  at  an  outside  tempera¬ 
ture  of  below  -5°C,  and  the  MS-li*  oil  -  at  below  -15°. 

After  the  <>11  has  been  drained,  all  drainage  valves  should  remain 

open. 

ffrrf  tffl|tlea  of  operation  on  diluted  (thinned)  oil 

As  already  mentioned,  oil  diluted  with  gasoline  is  used  for  rapid 
starting  of  engines  in  the  winter  tim. 

When  the  engine  operates  on  gasoline  diluted  oil,  the  oil  pressure 
in  the  mein  line  drops  st  first  but  after  20  -  X  minutes  of  operation, 
it  rises  again  because  by  that  tins  ths  gasoline  in  the  oil  has  completely 
evaporated. 

Iha  indications  of  oil  pressure  during  the  operation  of  tho  engine 
on  diluted  oil  mf  at  the  beginning  differ  from  normal  indications  by 
0.5  -  2.0  icg/cn*2  end  by  1.0  kg/cm2  during  low  pea.  If  ths  oil  treasure 
in  ths  engine  within  2C  -  30  ascends  after  atarting  does  not  reach 
normal  readings,  it  is  then  necessary  to  shut  off  ths  engine,  drain  the 
oil,  charge  ths  system  (prims)  with  pwv  hot  oil  and  then  check  its  pressure. 

The  order  of  atarting,  hasting  and  testing  the  engine  working  on 
diluted  oil  is  ths  sane  as  for  non -diluted  oil. 
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